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(54) Drug delivery system

(57) A medical device delivery apparatus (2), com-
prising: an elongated body (6) configured for insertion
into the body of a patient, comprising a chamber (10)

FIG. 1

located at a distal portion of the elongated body, said
chamber being configured to receive a medical device
(30); and a reservoir (4) configured for releasing a ther-
apeutic agent into said chamber.
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Description
BACKGROUND OF THE INVENTION

[0001] The introduction of drug-eluting stents (DES)
has been a major advancement in the field of cardiovas-
cular medicine due to the ability of the stents, which are
coated with a drug, to prevent restenosis of a vessel.
Previous bare metal stents were only able to reduce the
rate of restenosis, caused by intimal hyperplasia, to ap-
proximately 20-25%. The medicine or drug that is asso-
ciated with the DES is delivered directly to the blockage
site, reducing restenosis rates even further. However,
implantable medical devices that are pre-coated with
drugs may have a significantly shorter shelf-life than their
non-coated counterparts. For example, the potency of
the drug may decrease over time, such that the expiration
date of the device must take into account the degradation
of drug. In addition, viability concerns may prevent one
from manufacturing a stent pre-coated with drugs and
substances that degenerate within a short period of time
at room temperature. For example, drugs, which are
based on large molecule biologics (e.g., DNA, protein,
monoclonal antibodies, etc.) may be particularly suscep-
tible to degradation, and therefore are difficult to imple-
ment as a pre-coated layer on a stent. Furthermore, be-
cause most pre-coated devices do not permitthe medical
practitioner to change or modify the drug associated with
the device, the pre-coated devices may limit the medical
practitioner’s ability to determine and implement the best
medication/device combination based on specific treat-
ment needs.

[0002] Examples of current drug delivery devices and
methods are disclosed in U.S. Patent Application, Pub-
lication No. 2004/0010309 A1, titled "METHODS AND
SYSTEMS FOR DELIVERING LIQUID SUBSTANCES
TO TISSUES SURROUNDING BODY LUMENS" by Se-
ward et al., published January 15, 2004; U.S. Patent No.
6,699,282 B1 titled "METHOD AND APPARATUS FOR
DELIVERY OF MEDICATION" issued to Sceusa, dated
March 2, 2004; U.S. Patent No. 6,656,162 B2 titled "IM-
PLANTABLE DRUG DELIVERY STENTS" issued to
Santini, Jr. et al., dated December 2, 2003; U.S. Patent
No. 6,613,084 B2 titled "STENT HAVING COVER WITH
DRUG DELIVERY CAPABILITY" issued to Yang, dated
September 2, 2003; U.S. Patent No. 6,344,028 B1 titled
"REPLENISHABLE STENT AND DELIVERY SYSTEM"
issued to Barry, dated February 5, 2002; U.S. Patent No.
5,054,693 titled "REPLENISHABLE STENT AND DE-
LIVERY SYSTEM" issued to Barry, dated September 21,
1999; U.S. Patent No. 5,857,998 titled "STENT AND
THERAPEUTIC DELIVERY SYSTEM" issued to Barry,
dated January 12, 1999; U.S. Patent No. 5,755,722 titled
"STENT PLACEMENT DEVICE WITH MEDICATION
DISPENSER AND METHOD" issued to Barry et al., dat-
ed May 26, 1998; U.S. Patent No. 5,685,847 titled
"STENT AND THERAPEUTIC SYSTEM" issued to Bar-
ry, dated November 11, 1997; U.S. Patent No. 5,439,446
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titted "STENT AND THERAPEUTIC SYSTEM" issued to
Barry, dated August 8, 1995; each of which is incorpo-
rated herein by reference in its entirety.

SUMMARY OF THE INVENTION

[0003] Disclosed herein are various apparatuses and
methods for loading and/or coating a medical device
(e.g., stents, stent grafts, endovascular grafts, vascular
filters, etc.) with a therapeutic agent (e.g., drugs, phar-
maceuticals, antithrombogenic agents, anti-inflammato-
ry agents, antibacterial agents, anti-viral agents, biolog-
ics, DNAs, RNAs, viral vectors, monoclonal antibodies,
growth factors, cells, stem cells, cartilage scaffolds, etc.)
immediately prior to or during the placement of the med-
ical device within a patient’'s body. In one variation, the
delivery apparatus is configured such that a medical de-
vice, loaded in the delivery apparatus, can be coated or
infused with a therapeutic agent while the medical device
is positioned in the delivery apparatus. In another varia-
tion, the delivery apparatus is configured such thatamed-
ical device housed in the delivery apparatus is coated or
infused with a therapeutic agent as the medical device
is being ejected out of the delivery apparatus and into
the patient’s body. In yet another variation, the delivery
apparatus is configured to simultaneously deliver a med-
ical device and a therapeutic agent into a treatment area
within the patient’s body.

[0004] For example, the delivery apparatus may in-
clude a reservoir for holding a drug. The user can release
the drug from the reservoir to coat a medical device load-
edinthe delivery apparatus prior to or during the insertion
of the delivery apparatus into the patient’s body. In an-
other example, a capsule containing a therapeutic agent
is positioned in the distal portion of the delivery appara-
tus. The user can break the capsule and release the ther-
apeutic agent to infuse or cover the medical device se-
cured in the delivery apparatus whenever he or she is
ready to do so. The capsule may be pressurized to facil-
itate the distribution of the therapeutic agent in the distal
portion of the delivery apparatus.

[0005] In another example, the delivery apparatus in-
cludes a chamber at the distal portion of the apparatus
for housing the medical device. A suction mechanism is
provided in the delivery apparatus to draw a therapeutic
agent, in the form of liquid or gel, into the chamber to
coat and/or load the medical device. In one variation, the
suction mechanism is positioned within the body of the
apparatus. A negative pressure is generated by the suc-
tion mechanism, which results in the therapeutic agent
positioned at the distal opening of the delivery apparatus
entering the apparatus due to the surrounding atmos-
pheric pressure. In one particular design, the delivery
apparatus includes a catheter and a slidable insert form-
ing a seal against the catheter lumen wall. As the insert
is displaced proximally relative to the catheter, suction is
generated in the lumen of the catheter, and the thera-
peutic agent positioned at the distal opening of the cath-
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eter is drawn into the catheter lumen. As the therapeutic
agent fills the distal portion of the catheter lumen, the
medical device disposed therein is coated and/or loaded
with the therapeutic agent. In another variation, a suction
mechanism is coupled to the proximal end of the delivery
apparatus. A medical device is disposed in a distally po-
sitioned chamber in the delivery apparatus. The distal
chamber housing the medical device is in fluid commu-
nication with the suction mechanism. This fluid commu-
nication may be established through a channel extending
from the proximal end of the delivery apparatus to the
distal end of the delivery apparatus. The suction mech-
anism generates a negative pressure in the channel to
draw the therapeutic agent positioned at the distal end
of the delivery apparatus into the distal chamber. As the
therapeutic agent enters the distal chamber, the medical
device disposed therein is coated and/or loaded with the
therapeutic agent.

[0006] In another example, the delivery apparatus in-
cludes a drug delivery lumen which provides a fluid con-
duit for infusing a therapeutic agent into a chamber in the
distal portion of the apparatus. A medical device housed
in the chamber can be coated with a therapeutic agent
at the user’s discretion. A pressurized foam or mist may
be injected into the delivery lumen to coat the medical
device prior to or during the implantation process.
[0007] In another variation, the delivery apparatus in-
cludes areservoir at the distal end thereof, through which
a medical device can be delivered. The user may fill the
reservoir with a therapeutic agent, such that when the
medical device is delivered therethrough, the medical de-
vice is coated with the therapeutic agent. In another de-
sign variation, the delivery apparatus includes two lu-
mens in fluid communication with a chamber, which
houses a medical device at the distal portion of the de-
livery apparatus. A therapeutic agent can be injected into
the first lumen and extracted through the second lumen,
such that a continuous flow of therapeutic agent is deliv-
ered over the medical device to coat and/or load the med-
ical device with the therapeutic agent prior to implanta-
tion.

[0008] In yet another variation, the medical device is
coated or infused with a therapeutic agent under pres-
sure, while positioned inside the body of the delivery ap-
paratus, after which the medical device is deployed into
the patient’s body. For example, an aerospray-can car-
rying a therapeutic agent can be coupled to the distal end
of the delivery apparatus to inject therein the therapeutic
agent. The injected therapeutic agent is deposited onto
and/or absorbed into the medical device. In another ex-
ample, the medical practitioner couples a syringe filled
with a therapeutic agent onto the distal end of the delivery
apparatus, and then injects the therapeutic agentinto the
lumen of the delivery apparatus by depressing the plung-
eronthe syringe. The tip of the syringe may be configured
for insertion into the distal end of the delivery apparatus.
In another variation, a universal syringe adaptor may be
provided to couple syringe of various sizes to the delivery
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apparatus. In yet another example, a pressurized drug
capsule is attached to the distal end of the delivery ap-
paratus. The user can release the drug from the capsule
and infuse the drug into the lumen of the delivery appa-
ratus, which houses the medical device.

[0009] Methods forloading, coating or infusing a med-
ical device with a therapeutic agent, while the medical
device is disposed in the delivery apparatus, are also
disclosed herein. In one approach, the therapeutic agent
and the medical device are stored separately. For exam-
ple, a therapeutic agent comprising biologics, which re-
quires low temperature storage, is placed in a refrigera-
tor, while the delivery apparatus along with a medical
device is stored in a cabinet. The medical device may be
pre-loaded into the delivery apparatus and provided to
the hospital or clinic as an integrated unit. When the med-
ical practitioner is ready to implant the medical device,
the therapeutic agent can be infused into the delivery
apparatus to coat and/or load the medical device. The
medical practitioner may also personally check and en-
sure that a fresh and active therapeutic agent is loaded
into the delivery apparatus. Furthermore, the medical
practitioner may be provided with two or more therapeutic
substances, from which he or she can elect for loading
onto the medical device. In another variation of the meth-
od, the therapeutic agent is released onto the intended
treatment site as the medical device is being deployed
by the delivery apparatus.

[0010] These and other embodiments, features and
advantages of the present invention will become more
apparent to those skilled in the art when taken with ref-
erence to the following more detailed description of the
invention in conjunction with the accompanying drawings
that are first briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates one variation of a delivery ap-
paratus comprising a chamber for housing a medical de-
vice for delivery and a reservoir for holding a therapeutic
agent. In this particular design, a capsule is utilized to
contain the therapeutic agent.

[0012] FIG. 2 illustrates another variation of a delivery
apparatus including a capsule for containing a therapeu-
tic agent.

[0013] FIG. 3 illustrates one variation of a capsule,
which can be removably inserted into a delivery appara-
tus.

[0014] FIG. 4 illustrates another variation of a delivery
apparatus including a built-in stopper to allow the user
to extract a liquid/gel carrying a therapeutic agent into a
distal chamber, which houses a medical device for de-
ployment.

[0015] FIG. 5illustrates another variation of a delivery
apparatus configured with a chamber for housing an im-
plantable medical device for deployment. The chamber
is also configured for receiving a therapeutic agent to
coat/load the medical device.
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[0016] FIG. 6 illustrates another variation of a delivery
apparatus with a valve positioned within the lumen of a
catheter to form a chamber at the distal portion of the
catheter. In this variation, the position of the valve can
be displaced within the lumen of the catheter.

[0017] FIG. 7 illustrates another variation of a delivery
apparatus including a reservoir at the distal end thereof,
through which a medical device can be delivered.
[0018] FIG. 8 illustrates another variation of a delivery
apparatus including a chamber in which a medical device
can be coated/loaded with a therapeutic agent prior to
delivery into a patient’s body.

[0019] FIG. 9illustrates another variation of a delivery
apparatus including a stopper and a valve to form a cham-
ber for coating/loading the medical device with a thera-
peutic agent prior to deployment of the medical device.
[0020] FIG. 10illustrates another variation of a delivery
apparatus with a reservoir located with a slidable ele-
ment. The reservoir can be utilized to hold a therapeutic
agent. The slidable element may also serve as a pusher
for deploying an implantable medical device placed in
the distal lumen of the delivery apparatus.

[0021] FIG. 11A illustrates another variation of a deliv-
ery apparatus with built-in a displacement control mech-
anism to control the pusher rod. A capsule is positioned
within the distal end of the pusher rod to serve as a res-
ervoir for a therapeutic agent.

[0022] FIG. 11B illustrates an activation element for
use with the delivery apparatus of FIG. 11A. The activa-
tion element, when inserted into the proximal end of the
pusher rod, allows the user to break the capsule and
release the therapeutic agent.

[0023] FIG. 12illustrates another variation of a delivery
apparatus including a valve positioned within a catheter
to form a chamber at the distal end of the catheter. In this
variation, the position of the valve is fixed within the lumen
of the catheter.

[0024] FIG. 13illustrates another variation of a delivery
apparatus comprising a dual lumen catheter. A first lu-
men provides a channel to allow the user to control the
deployment of a medical device positioned within a
chamber at the distal end of the apparatus. A second
lumen provides a fluid conduit to allow the user to infuse
a therapeutic agent into the distal chamber.

[0025] FIG. 14 illustrates another variation of a delivery
apparatus with a dual lumen design. In this example, the
apparatusis configured with coaxial lumens and a pusher
element slidably positioned within the central lumen.
[0026] FIG. 15illustrates another variation of a delivery
apparatus with a coaxial lumen design. An insert is slid-
ably positioned within the outer lumen to serve as a suc-
tion mechanism to draw a therapeutic agentinto the distal
portion of the apparatus.

[0027] FIG. 16illustrates another variation of a delivery
apparatus where a pusher element for deploying the
medical device is configured with a lumen. The lumen
may be utilized for infusing the distal portion of the ap-
paratus with a therapeutic agent.
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[0028] FIG. 17 illustrates another variation of a delivery
apparatus comprising a delivery catheter with a tubing
slidably disposed therein. The tubing serves as a mech-
anism to deploy a medical device. The lumen within the
inner slidable tubing serves as a fluid conduit for deliv-
ering therapeutic agent to coat/load the medical device
while the medical device is positioned within the distal
end of the apparatus.

[0029] FIG. 18illustrates another variation of a delivery
apparatus comprising a slidable element positioned with-
in the lumen of a catheter for deploying the medical de-
vice. The slidable element is configured with a suction
mechanism which can be utilized to draw fluids into the
distal end of the apparatus.

[0030] FIG. 19Aillustrates another variation of a deliv-
ery apparatus including a pusher pad configured with
flanges. The radially extending flanges may assist with
engagement of a stent placed within the lumen of the
delivery catheter.

[0031] FIG. 19B is a frontal view of the delivery appa-
ratus of FIG. 19A, shown without the stent.

[0032] FIG.20illustrates another variation of a delivery
apparatus including a slidable insert configured to dis-
tribute a therapeutic agent over a medical device placed
within the lumen of the delivery apparatus.

[0033] FIG. 21A illustrates another variation of a deliv-
ery apparatus comprising a delivery catheter with a first
lumen for housing a medical device and a second lumen
configured to distribute a therapeutic agent over the med-
ical device. As shown in the example of FIG. 21A, the
outer lumen is configured with inner facing orifices to in-
ject the therapeutic agent over the outer circumferential
surface of the medical device.

[0034] FIG. 21B is a cross-sectional view of the deliv-
ery apparatus of FIG. 21A. The cross-section is taken at
A-A as shown in FIG. 21A.

[0035] FIG. 22 illustrates another dual lumen delivery
apparatus configured for deploying a vascular filter. In
this particular design, the delivery apparatus is config-
ured with a mechanism (i.e., pusher element) for ejecting
the medical device (i.e., vascular filter).

[0036] FIG. 23 illustrates yet another dual lumen de-
livery apparatus design. In this example, a stentis placed
over a compressed balloon on a balloon catheter. An
optional cap may be provided to allow the user to tem-
porarily seal the distal end of the apparatus while the
user coats or loads the stent with a therapeutic agent
infused through the elongated lumens of the apparatus.
[0037] FIG. 24 illustrates another dual lumen delivery
apparatus configured with a pusher element. The pusher
element is configured with a lumen for fluid delivery.
[0038] FIG. 25 illustrates a method for coating and/or
infusing an implantable medical device under pressure,
while the device is loaded within a delivery apparatus.
[0039] FIG. 26 llustrates another variation of a delivery
apparatus comprising a reservoir of therapeutic agent
that can be attached to the distal end of the delivery cath-
eter to coat/infuse the medical device positioned within
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the delivery catheter. In this particular example, the res-
ervoir includes a pressurized capsule loaded with a ther-
apeutic agent. When the integrity of the capsule is includ-
ed, the therapeutic agent is released into the lumen of
the delivery catheter.

[0040] FIG. 27 illustrates yet another variation of a de-
livery apparatus including a breakaway reservoir at-
tached to the distal end of a delivery catheter. Once the
therapeutic agent within the breakaway reservoir has
been released into the lumen of the delivery catheter, the
user can detach the breakaway reservoir.

[0041] FIG. 28 llustrates another variation of a delivery
apparatus comprising a delivery catheter with orifices on
the circumferential surface, such that pressurized thera-
peutic agent can be infused into the lumen of the delivery
catheter through these orifices. In the example shown in
FIG. 28, an optional adaptor is provided to assist the user
in injecting a therapeutic agent through circumferentially
positioned orifices.

[0042] FIG. 29 illustrates another example for infusing
the distal portion of a delivery catheter with a therapeutic
agent. Inthis example, an adaptor is attached to the distal
end of the delivery catheter, such that a pressurized ther-
apeutic agentis infused into the delivery catheter through
the circumferential orifices to coat the medical device
within the lumen of the delivery catheter. The excess ther-
apeutic agent is allowed to exit the distal end of the de-
livery catheter through an outlet on the adaptor.

[0043] FIG. 30 illustrates yet another variation of a de-
livery apparatus comprising a sponge-like reservoir with-
in the distal lumen of the apparatus. The sponge-like res-
ervoir can be pre-loaded with a therapeutic agent, such
that when the medical device is deployed through the
distal end of the catheter, the sponge-like reservoir will
coat or wick the circumferential surface of the device with
the therapeutic agent. The example shown in FIG. 30 is
configured to deploy a stent with a balloon catheter.
[0044] FIG. 31 illustrates another example of utilizing
a delivery apparatus with a sponge-like reservoir. In this
example, the apparatus is configured with a pusher ele-
ment for deploying a stent.

[0045] The following detailed description should be
read with reference to the drawings, in which identical
reference numbers refer to like elements throughout the
different figures. The drawings, which are not necessarily
to scale, depict selective embodiments and are not in-
tended to limit the scope of the invention. The detailed
description illustrates by way of example, not by way of
limitation, the principles of the invention. This description
would enable one skilled in the art to make and use the
invention, and describes several embodiments, adapta-
tions, variations, alternatives and uses of the invention,
including what is presently believed to be the best mode
of carrying out the invention.

[0046] Before describing preferred embodiments, it is
to be understood that unless otherwise indicated, this
invention need not be limited to applications in humans.
As one skilled in the art would appreciate, variations of

10

15

20

25

30

35

40

45

50

55

the invention may be applied to other mammals as well.
Moreover, it should be understood that embodiments of
the present invention may be applied in combination with
various catheters, tubing introducers or other implanta-
tion and connection devices for placement of a medical
device into a patient’s body.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0047] Vascular filters, stents and endovascular
stent-grafts are used herein as examples of the types of
medical devices to be implanted with a delivery appara-
tus that possesses the integrated capability to deliver a
therapeutic agent onto the medical device, in order to
illustrate the various aspects of the invention disclosed
herein. In light of the disclosure herein, one skilled in the
art would appreciate that variations of the delivery appa-
ratus may be utilized for placement of different medical
devices, not specifically discussed herein, into a patients’
body. Certain variations of the delivery apparatus de-
scribed in the preferred embodiments of the present in-
vention are particularly useful for pre-loading a medical
device with a therapeutic agent prior to insertion of the
medical device into the patient’s body. Other variations
of the delivery apparatus according to the present inven-
tion can be configured for simultaneous delivery of a ther-
apeutic agent during the deployment of the medical de-
vice. In addition, some variations may support both pre-
loading and simultaneous delivery of therapeutic agents.
[0048] It must also be noted that, as used in this spec-
ification and the appended claims, the singular forms "a,"
"an" and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, the term
"a chamber" is intended to mean a single chamber or a
combination of chambers, "a fluid" is intended to mean
one or more fluids, or a mixture thereof. Furthermore, the
words "proximal" and "distal" refer to directions closer to
and away from, respectively, a medical practitioner op-
erating the apparatus, with the tip end (i.e., distal end)
placed inside the patient's body. Thus, for example, a
catheter end placed within the body of the patient would
be the distal end of the catheter, while the catheter end
outside the patient’s body would be the proximal end of
the catheter.

[0049] In one preferred embodiment, the delivery ap-
paratus is configured with a reservoir for containing a
therapeutic agent. The therapeutic agent can be released
while the medical device is still secure within the delivery
apparatus and/or during the placement of the medical
device within the patient’s body. In one variation, the de-
livery apparatus includes a chamber for housing the med-
ical device, a reservoir for containing the therapeutic
agent, and a mechanism for deploying a medical device
from the body of the delivery apparatus. The delivery
apparatus may further include the medical device dis-
posed in the chamber of the delivery apparatus.

[0050] The drug or therapeutic agent can be one or
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more bio-active agents. The bio-active agents can in-
clude, but are not limited to, vasodilator, anti-coagulants,
such as, for example, warfarin and heparin. Other bio-
active agents can include, but are not limited to, agents
such as, for example, anti-proliferative/antimitotic agents
including natural products such as vinca alkaloids (i.e.
vinblastine, vincristine, and vinorelbine), paclitaxel, epidi-
podophyllotoxins (i.e. etoposide, teniposide), antibiotics
(dactinomycin (actinomycin D) daunorubicin, doxoru-
bicin and idarubicin), anthracyclines, mitoxantrone, ble-
omycins, plicamycin (mithramycin) and mitomycin, en-
zymes (L-asparaginase which systemically metabolizes
L-asparagine and deprives cells which do not have the
capacity to synthesize their own asparagine); antiplatelet
agents such as G(GP) Il,/Ill, inhibitors and vitronectin
receptor  antagonists; anti-proliferative/antimitotic
alkylating agents such as nitrogen mustards (mechlo-
rethamine, cyclophosphamide and analogs, melphalan,
chlorambucil), ethylenimines and methylmelamines
(hexamethylmelamine and thiotepa), alkyl sulfonates-
busulfan, nirtosoureas (carmustine (BCNU) and analogs,
streptozocin), trazenes - dacarbazinine (DTIC); antipro-
liferative/antimitotic antimetabolites such as folic acid
analogs (methotrexate), pyrimidine analogs (fluorouracil,
floxuridine, and cytarabine), purine analogs and related
inhibitors (mercaptopurine, thioguanine, pentostatin and
2-chlorodeoxyadenosine {cladribine}); platinum coordi-
nation complexes (cisplatin, carboplatin), procarbazine,
hydroxyurea, mitotane, aminoglutethimide; hormones
(i.e. estrogen); anti-coagulants (heparin, synthetic
heparin salts and other inhibitors of thrombin); fibrinolytic
agents (such as tissue plasminogen activator, streptoki-
nase and urokinase), aspirin, dipyridamole, ticlopidine,
clopidogrel, abciximab; antimigratory; antisecretory
(breveldin); anti-inflammatory: such as adrenocortical
steroids (cortisol, cortisone, fludrocortisone, prednisone,
prednisolone, 6a-methylprednisolone, triamcinolone,
betamethasone, and dexamethasone), non-steroidal
agents (salicylic acid derivatives i.e. aspirin; para-ami-
nophenol derivatives i.e. acetominophen; indole and in-
dene acetic acids (indomethacin, sulindac, and etoda-
lac), heteroaryl acetic acids (tolmetin, diclofenac, and
ketorolac), arylpropionic acids (ibuprofen and deriva-
tives), anthranilic acids (mefenamic acid, and
meclofenamic acid), enolic acids (piroxicam, tenoxicam,
phenylbutazone, and oxyphenthatrazone), nabumetone,
gold compounds (auranofin, aurothioglucose, gold sodi-
um thiomalate); immunosuppressives: (cyclosporine,
tacrolimus (FK-506), sirolimus (rapamycin), azathio-
prine, mycophenolate mofetil); angiogenic agents: vas-
cular endothelial growth factor (VEGF), fibroblast growth
factor (FGF); angiotensin receptor blockers; nitric oxide
donors; antisense oligionucleotides and combinations
thereof; cell cycle inhibitors, mTOR inhibitors, and growth
factor receptor signal transduction kinase inhibitors; re-
tenoids; cydin/CDK inhibitors; HMG co-enzyme reduct-
ase inhibitors (statins); and protease inhibitors.

[0051] FIG. 1 illustrates the example where a delivery
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apparatus 2 includes a reservoir 4 containing a thera-
peutic agent. In this particular design, the delivery appa-
ratus 2 includes an elongated catheter 6 and a capsule
8 positioned in the distal portion of the catheter lumen
10. The capsule 8 serves as a reservoir for holding a
therapeutic agent. Optional ledges 12, 14 are provided
on the catheter lumen wall to prevent the capsule 8 from
displacing in the proximal direction. In one variation, the
capsule 8 includes a polymeric material. A pusher ele-
ment 16 is slidably positioned within the lumen of the
catheter. The pusher element 16 includes a flexible rod
extending through a central lumen of the capsule 8 and
a pusher pad 20 attached to the distal end of the flexible
rod 18. The pusher pad 20 is configured with a plurality
of channels 22, such that fluids may flow from the prox-
imal side of the pusher pad towards the distal side of the
pusher pad. Raised profiles 24 are provided on the prox-
imal side of the pusher pad for engaging the capsule 8
and releasing the therapeutic agent from the capsule. In
one variation, the raised profiles 24 include a plurality of
sharp edges that can cut into the distal end of the capsule
8 to break open the capsule and release the therapeutic
agent contained therein. A medical device 30, such as a
vascular filter, ca be positioned in the lumen at the distal
end 32 of the catheter 6.

[0052] To release the therapeutic agent from the cap-
sule 8, the pusher element 16 is displaced in the proximal
direction to break the capsule 8. Once the capsule is
broken, the therapeutic agent flows out of the capsule
and infuses the distal portion of the catheter lumen. In
one variation, the compartment within the capsule is
pressurized to facilitate the dispersion of the therapeutic
agent when the integrity of the capsule is compromised.
The therapeutic agent flows over the vessel filter and
coats the vessel filter with a layer of therapeutic agent.
In one variation, the therapeutic agentincludes a gel, and
in another variation, the therapeutic agent includes a lig-
uid.

[0053] As discussed herein, various other medical de-
vices, such as for example stents, grafts, stent-grafts,
etc., can be placed in the lumen of this catheter for de-
livery into a patient’s body. In one variation, the medical
device includes an absorbing component for retaining a
portion of the therapeutic agent that flows over the med-
ical device. After the medical device has been implanted,
the absorbing component will release the therapeutic
agent to the implantation site over a period of time. For
example, a porous polymer layer may be incorporated
on the medical device to retain the therapeutic agent.
Once the medical device 30 is loaded and/or coated with
the therapeutic agent, the user can advance the pusher
element 16 to eject the medical device out of the distal
end 32 of the catheter 6. In one approach, the user can
release the capsule and coat and/or load the medical
device prior to inserting the catheter into the patient’s
body. Once the catheter is inserted into the patient’s
body, the pusher wire can be advanced distally to deploy
the medical device. In another approach, the catheter is
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inserted into the patient’s body first. Once the catheter
is positioned in the desired location, the capsule with the
therapeutic agent is released, followed by the deploy-
ment of the medical device. In another variation, alocking
mechanism s provided at the proximal end of the delivery
apparatus to lock the deploying mechanism (e.g., pusher
element) in position while the apparatus is being trans-
ported, in order to prevent accidental release of the ther-
apeutic agent and/or accidental ejection of the medical
device.

[0054] Referring to FIG. 2, another example of a med-
ical device delivery apparatus 2 is illustrated. In this ex-
ample, a balloon catheter 34 is slidably positioned within
the lumen of a delivery catheter 36. A stent 38 is posi-
tioned over the compressed balloon 40 at the distal end
of the balloon catheter 34. A capsule 42 is positioned
within the catheter lumen proximal of the balloon 40 on
the balloon catheter 34. An activation element 44 is cou-
pled to the shaft of the balloon catheter 34 for releasing
the therapeutic agent from the capsule 42. A separator
46 is positioned on the shaft of the balloon catheter 36
proximal of the capsule 42. The separator 46 keeps the
released therapeutic agent in the proximal portion of the
catheter. In one variation, the separator includes a stop-
per, coupled to the shaft of the balloon catheter, as shown
in FIG. 2. In another variation the separator includes a
seal. In yet another variation, the separator include a
one-way valve, which permits fluid flow in the distal di-
rection but not the proximal direction. The valve may al-
low the user to purge the air from the lumen of the catheter
by injecting a liquid into the proximal end of the delivery
catheter. Once the catheter lumen is filled with the liquid,
the user can release the therapeutic agent from the cap-
sule. The released therapeutic agent displaces the liquid
at the distal portion of the catheter lumen proximal of the
valve. The valve prevents or minimizes the therapeutic
agent from dispersion in the proximal direction. Although
a separator 46 has been shown and described, the ap-
paratus 2 can be provided without such a separator.
[0055] To release the therapeutic agent, the balloon
catheter 34 is displaced in the proximal direction, which
causes the activation element 44 to engage the capsule
and release the therapeutic agent. The released thera-
peutic agent flows distally to coat and/or load the stent
38. In one variation, the stent includes a polymeric cov-
ering that absorbs and/or binds the therapeutic agent.
After the stent has been implanted, the polymeric cover-
ing releases the therapeutic agent over time at the im-
plantation site.

[0056] In one variation, the reservoir containing the
therapeutic agent is an integral part of the delivery ap-
paratus. In another variation, the reservoir containing the
therapeutic agent includes an independent unit that can
be removed or detached from the delivery apparatus.
FIG. 3 illustrates a detachable capsule 48 that can be
coupled onto the shaft of a pusher element or a balloon
catheter. The capsule 48 includes a lateral opening/slot
50 on the circumferential surface of the capsule 48, such
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that the capsule can be clipped onto a shaft through the
lateral opening.

[0057] Inanother embodiment, the medical device ap-
paratus includes an elongated catheter and a deploy-
ment element slidably positioned within the lumen of the
catheter. A stopper is positioned on the deployment el-
ement, such that axial displacement of the deployment
element creates a negative pressure, which enables suc-
tion of a liquid or gel containing a therapeutic agent into
the distal lumen of the catheter.

[0058] FIG. 4 illustrates this embodiment, in which a
balloon catheter 52 positioned within the lumen of a de-
livery catheter 54 includes a stopper 56 coupled to the
shaft of the balloon catheter 52. A medical device, e.g.,
a stent 58, is loaded on the balloon catheter 52. As the
stopper 56 is displaced distally and then withdrawn in the
proximal direction, suction is created within the distal por-
tion of the catheter lumen and a liquid or gel carrying a
therapeutic agent can be drawn into the distal portion of
the catheter lumen to coat and/or load the stent with the
therapeutic agent. The stopper 56 can be constructed to
move independently of the medical device. In another
approach, the therapeutic agent can be injected into the
lumen of the catheter through the distal end 60 of the
catheter 54. In this approach, a separator (e.g., stopper)
keeps at least a substantial portion of the injected ther-
apeutic agent at the distal portion of the catheter lumen.
In another variation (not shown), a syringe with a needle
is utilized to infuse the distal portion of the lumen with a
therapeutic agent. The needle is inserted into the distal
end of the catheter and extends past the loaded medical
device, such that a gel or liquid therapeutic agent is in-
jected proximal of the medical device. Once the thera-
peutic agent fills the area between the medical device 30
and the separator 62, further injection of the needle/sy-
ringe forces the therapeutic agent to migrate distally to
coat the medical device with the therapeutic agent. In yet
another variation, another lumen can be provided to de-
livery a suitable bio-active material to an area proximate
the medical device. In this variation, the lumen is couple
to a syringe on the proximate end of the delivery mech-
anism.

[0059] FIG. 5 illustrates another example, in which an
O-ring 64 is placed around a pusher pad 66, such that
the user can draw fluids into the distal lumen of the cath-
eter 68 by displacing the pusher element 70 in a proximal
direction of the delivery apparatus 2. In this example, a
medical device 72 (e.g., as a vascular filter, etc.) is po-
sitioned in the distal lumen of the catheter for deployment.
In one variation, a suitable guide-wire or mechanism can
be used to prevent movement of the medical device 72
relative to the catheter 68.

[0060] FIG. 6 illustrates another variation, in which a
polymeric disk 74 is positioned over the shaft of a pusher
rod 76 to serve as a separator. The polymeric disk 74 is
configured with a plurality of slits 78, such that it can act
as a unidirectional valve to permit fluids infused through
proximal end of the catheter to travel past the polymeric
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disk 74 and into the distal portion of the catheter lumen
80, but essentially prevent its flow back proximally. The
separator along with the wall of the catheter forms a
chamber at the distal end of the catheter for housing a
medical device for deployment. Once the medical device
is loaded in the distal end of the catheter, a suitable ther-
apeutic agent can be infused/injected into the distal end
of the catheter to coat and/or load the catheter with the
therapeutic agent. In one approach, saline is firstinjected
into the proximal end of the catheter to displace the air
within the lumen of the catheter. A therapeutic agent is
then injected through the distal opening to displace the
saline within the distal portion of the catheter lumen. In
another approach, a liquid therapeutic agent is injected
directly into the proximal end of the catheter to fill both
the proximal portion and the distal portion of the catheter
lumen.

[0061] In another aspect, the delivery apparatus 2 in-
cludes a reservoir 4 at the distal end thereof, through
which a medical device 30 can be delivered. FIG. 7 illus-
trates one example where two valves 82, 84 are posi-
tioned within the lumen of a catheter 86 to form a chamber
88. The valves 82, 84 can be bi-directional valves. In a
variation, uni-directional valves can also be implement-
ed. The chamber 88 serves as a reservoir to hold a ther-
apeutic agent. In one variation, each of the valves 82, 84
includes a polymeric slit valve. In the particular example
shown in FIG. 7, each of the valves 82, 84 includes a
polymeric disk including a plurality of slits. The valves
82, 84 can be configured segmented slits such that that
the valves can deform in one direction but not in the op-
posite direction. Prior to the delivery of the medical device
30, a therapeutic agent is injected into the chamber 88.
In one variation, the therapeutic agentis carried in a liquid
substance. In another variation, the therapeutic agent is
carried in a gel-like substance. To deploy the medical
device, the user advances the pusher element 90 distally
and forces the medical device 30, through the valve 84,
into the chamber 88 filled with the therapeutic agent. The
catheter 86 is then inserted into the patient’s body. Once
the catheter 86 is in position, the medical device 30 is
pushed through the distal valve 82 and ejected out of the
catheter for deployment within the patient’s body. In an-
other approach, the delivery apparatus is inserted into
the patient’'s body while the medical device is still posi-
tioned proximal of the chamber 88. Once the catheter is
positioned in place, the medical device 30 is advanced
distally through the chamber 88 and out the distal end
92 of the delivery apparatus 2. As the medical device 30
passes through the chamber 88, the medical device 30
is coated with the therapeutic agent.

[0062] In another variation, the delivery apparatus in-
cludes an elongated body including a chamber at the
distal portion of the elongated body. The chamber is con-
figured to hold a medical device for delivery into a pa-
tient’s body. While the device is inside the chamber, the
user can infuse the chamber with a therapeutic agent to
coat and/or to load the medical device with the therapeu-
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tic agent. In one approach, the therapeutic agent is load-
ed into the chamber while the catheter is still outside the
patient's body. In another approach, the therapeutic
agent is loaded into the chamber after the delivery ap-
paratus has been inserted into a patient’s body.

[0063] FIG. 8 illustrates another example where a de-
livery apparatus 2 includes an elongated catheter 94 with
a chamber 96 positioned within the distal end of the elon-
gated catheter 94. A balloon catheter 98 carrying a med-
ical device, such as for example a stent 100, is slidably
positioned in the lumen of the elongated catheter 94. The
stent 100 along with the balloon 102 on the balloon cath-
eter 98 is positioned in the distal chamber 96. The cham-
ber 96 is formed with a valve 104 and a separator 106
(e.g., seal, valve, etc.) positioned within the lumen of the
catheter 96. The medical device 100 can be placed in
the catheter 94 with the medical device positioned distal
of the valve 106. In one variation, the chamber 96 is load-
ed with a therapeutic agent by inserting a needle on a
syringe through the distal valve 104 and injecting a ther-
apeutic agent into the chamber 96. In another variation,
the shaft 108 of the balloon catheterincludes two lumens.
A first lumen is utilized to inflate and deflate the balloon
102, while a second lumen in conjunction with port 110
can be utilized to inject a therapeutic agent into the distal
chamber 96 within the catheter 94. The therapeutic agent
is injected into the second lumen at the proximal end of
the balloon catheter. The therapeutic agent then travels
down the length of the balloon catheter 98, and exits port
110, which is located close to the balloon 102 at the prox-
imal portion of the catheter shaft 98, and into the chamber
96. Once the stent 100 is coated and/or loaded with the
therapeutic agent, the stent 100 can be deployed by ad-
vancing the balloon 102 on the balloon catheter 98 out
of the catheter 94, and dilating balloon 102 to expand the
stent 100.

[0064] In another example, the delivery apparatus 2
includes a stopper 112 attached to the shaft of a balloon
catheter 114 as shown in FIG. 9. The stopper 112, along
with a valve 116 positioned within the distal end of the
catheter, forms a chamber 118 when the balloon catheter
114 is retracted within the lumen of the delivery catheter
120. In one variation, the user can infuse the chamber
with a therapeutic agent to coat and/or load the medical
device 30 (e.g., stent, vascular graft, etc.) positioned on
the balloon catheter 114 through the distal end of the
catheter. The infusion can be accomplished by a sepa-
rate lumen and port 110, or by a neele through the distal
end, or by filing the catheter with therapeutic agent prior
to insertion of the device 30. In another variation, the
shaft of the balloon catheter includes a channel to allow
the user to infuse the chamber with a therapeutic agent
by injecting the therapeutic agent through the distal end
of the balloon catheter. In yet another variation, the de-
livery catheter is configured with a second lumen, such
that therapeutic agent can be injected into the chamber
through the proximal end of the delivery catheter.
[0065] In another aspect, the delivery apparatus 2 in-
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cludes a medical device deploying mechanism 122. The
medical device deploying mechanism is integrated with
a reservoir 4 for holding a therapeutic agent for deploy-
ment into the lumen of the delivery apparatus. The ther-
apeutic agent can bereleased into a chamber 124, which
holds a medical device, to coat and/or load the medical
device with the therapeutic agent. In one variation the
deploying mechanism 122 is slidably positioned within a
lumen in the delivery apparatus 2.

[0066] FIG. 10 illustrates one example, where the de-
livery apparatus 2 includes an elongated catheter 126
and a pusher element 128 slidably disposed within the
lumen of the elongated catheter 126. The distal portion
of the pusher element 128 includes a chamber 130 for
containing a therapeutic agent. The distal end of the
chamber 130 includes an orifice 132 for releasing the
therapeutic agent into the lumen of the catheter 126. In
one variation, a valve 134 (e.g., a polymeric slit valve,
etc.) is positioned over the orifice 132. A displacement
mechanism 136 is placed within the chamber 130to allow
the user to control the release of the therapeutic agent
from the chamber 130. In the particular example shown
in FIG. 10, a balloon/diaphragm 138 is positioned at the
proximal end of the chamber 130. The shaft of the pusher
element 128 includes a lumen 140 in fluid communication
with the balloon/diaphragm 130, such that the user can
inject a fluid into the proximal end of the pusher element
to inflate the balloon and force the therapeutic agent out
the orifice at the distal end of the chamber. The valve
134 can be a check valve with a suitable break pressure
rating to prevent premature deployment of the therapeu-
tic agent outside of the reservoir.

[0067] In yet another variation, the valve 134 can be
eliminated with the expandable member 138 inflated to
occupy a substantial volume of the chamber. Deflation
of member 138 can be used to generate suction of fluid
(gas or liquid or a combination thereof) through orifice
132. Subsequent expansion of the member 138 can be
utilized to eject the suctioned fluid.

[0068] FIG. 11A illustrates another example, where a
capsule 142 is positioned within the chamber of the push-
er element 144. A medical device 30 (e.g., a vascular
filter, stent, etc.) is disposed in the lumen at the distal
end of the catheter 146. A stop 148 is coupled to the shaft
150 of the pusher element 144 to constrain the amount
of the pusher element’s displacement in the axial direc-
tion. A locking clip 152 is placed over the proximal shaft
of the pusher element to prevent accidental deployment
of the medical device 30. An activation mechanism is
provided for releasing the therapeutic agent contained in
the capsule 142. In this particular design, the activation
mechanism includes an elongated wire 154 with a ta-
pered distal end 156, as shown in FIG. 11B. The elon-
gated wire 154 can be inserted into the proximal end 158
of the pusher element 144 and down the lumen in the
shaft 150. As the distal end 160 of the elongated wire
154 passes through the chamber 162, the elongated wire
punctures the capsule 142 and releases the therapeutic
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agent contained therein. In one variation, the compart-
ment within the capsule is pressurizes such that once
the integrity of the capsule has been compromised, the
therapeutic agent is forced out of the capsule due to the
pressure. In such a configuration, a suitable seal may be
utilized to prevent flow of the therapeutic agent towards
the proximal end. The seal can be, an elastomeric seal
positioned between the wire 154 and the lumen 140, or
by a suitable tolerance fit between the lumen 140 and
wire 154 without the use of an elastomeric seal. The re-
leased therapeutic agent exits the orifices 164 at the dis-
tal end ofthe chamber 162 coats and/or loads the medical
device 30 with the therapeutic agent. Once the medical
device 30 has been coated and/or loaded with the ther-
apeutic agent, the user can remove the locking clip 152
and advance the pusher element 144 distally to eject the
medical device 30 out of the delivery apparatus 2. Slots
147, may be provided on the inner lumen of the delivery
catheter 146 for holding the medical device 30. For ex-
ample, slots 147 may be configured to interact with the
medical device 30 to prevent the medical device 30 from
rotating with the lumen of the delivery catheter 146. In
another variation, slots 147 are configured to guide the
movement of the medical device 30 as the medical device
is being pushed out of the lumen of the delivery catheter
146. In yet another variation, slots 147 are provided to
prevent appendages from the medical deice 30 from in-
terfering with the deployment of the medical device.
[0069] In another aspect, the delivery apparatus in-
cludes a lumen configured for delivering a therapeutic
agent into a chamber that houses a medical device for
deployment inside a patient’s body. A pressurized liquid
or gel carrying the therapeutic agent may be transported
through the drug delivery lumen down the shaft of the
delivery apparatus to coat and/or load the medical device
housed in the distal portion of the delivery apparatus.
[0070] In one example, as shown in FIG. 12, a sepa-
rator 166 (e.g., valve, seal, etc.) is positioned within the
lumen of a delivery catheter 168 to form a chamber 170
at the distal portion of the delivery catheter. Once the
medical device 30 is loaded within the chamber 170, a
therapeutic agent can be injected into the chamber 170
to coat the medical device with a therapeutic agent. In
one variation, the separator 166 includes a unidirectional
valve. Saline is injected into the lumen of the catheter
168 through the proximal side port 174 to purge air out
of the lumen of the catheter. As the saline travels down
the shaft of the delivery apparatus, the separator 166 is
pushed open and the chamber 170 at the distal portion
of the delivery apparatus 2 is filled with saline. Next, the
user injects a therapeutic agent into the chamber 170
through the proximal end of the delivery apparatus to
displace the saline therein. The side port 174 is utilized
to provide a reservoir for the therapeutic agent. Contin-
ued filling of the reservoir can cause the chamber 170 to
be filled. As the therapeutic agent fills the chamber 170
the medical device absorbs and/or is coated and/or is
loaded with the therapeutic agent. Once the medical de-
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vice has absorbed and/or is coated and/or is loaded with
the therapeutic agent, the apparatus can then be inserted
into a patient’s body for the deployment of the medical
device. In the particular example shown in FIG. 12, a
balloon catheter 176 is utilized to deploy a stent 178.
However, other suitable delivery devices can also be uti-
lized within the catheter 168 to deliver the medical device.
[0071] In another approach, the therapeutic agent is
injected into the lumen of the delivery catheter through
the port located at the proximal portion of the delivery
apparatus to fill the lumen and coat and/or load the med-
ical device with the therapeutic agent. In one design var-
iation, the apparatus is configured without a separator
166. Therapeutic agent is injected through the distal por-
tion of the apparatus to completely fill the lumen and coat
and/or load the medical device with the therapeutic agent
prior to inserting the delivery apparatus within the pa-
tient’s body. Once the medical device is loaded with the
therapeutic agent, the delivery apparatus can be inserted
into the patient’s body to deploy the medical device. Be-
fore the delivery apparatus is inserted into the patient’s
body, the user may infuse the lumen of the delivery ap-
paratus with saline to flush out the excess therapeutic
agent within the lumen.

[0072] It is believed that the approach utilized for the
embodiments illustrated in, for example, FIG. 1- 12,
where the therapeutic agent is infused prior to or during
the implantation alleviates problems associated with the
shelf-life of such agents being different from the shelf-life
of the delivery apparatus or the implantable medical de-
vice.

[0073] In another variation, the delivery apparatus in-
cludes a dual lumen delivery catheter. The delivery cath-
eter includes a first lumen providing a conduit to allow
the user to control the deployment of a medical device
secured within the distal end of the delivery apparatus,
and a second lumen providing a fluid conduit for trans-
porting a therapeutic agent from the proximal end of the
delivery apparatus to the distal end of the apparatus in
order to coat and/or load the medical device with the ther-
apeutic agent.

[0074] FIG. 13illustrates the example where the deliv-
ery apparatus includes a coaxial dual lumen catheter 180
with a balloon catheter 182 slidably disposed within the
central lumen 184. The balloon 186 on the balloon cath-
eter 182 is shown in a deflated condition with a stent 188
positioned over the deflated balloon. A therapeutic agent
can be injected down the outer lumen 190 to coat and/or
load the stent 188 or stent-graft with the therapeutic
agent. In one approach, the stent is coated with the ther-
apeutic agent prior to the insertion of the delivery appa-
ratus into the patient’s body. In another approach, the
stent 188 is coated with the therapeutic agent while the
delivery apparatus is inserted within the body of the pa-
tient. In yet another approach, a therapeutic agent is in-
jected down the outer lumen 190 and then suctioned up
the central lumen 184 to induce a flow of the therapeutic
agent over the medical device positioned in the distal end

10

15

20

25

30

35

40

45

50

55

10

of the delivery apparatus to facilitate coating and/or load-
ing of the medical device with the therapeutic agent. FIG.
14 illustrates another example, in which a medical device
192 is positioned within a chamber at the distal end of
the delivery apparatus, and a pusher element 194 is po-
sitioned within the central lumen of the delivery appara-
tus.

[0075] FIG. 15illustrates another variation, in which an
insert 196 is positioned within the outer lumen 198 of the
dual lumen delivery apparatus 200. The displacement of
the insert 196 allows the user to generate a suction to
induce the therapeutic agent to enter the distal chamber
202 and coat a medical device positioned therein. The
insert 196 may also be displaced proximally to create a
reservoir at the distal portion of the outer lumen for con-
taining a therapeutic agent. Later, the insert can be ad-
vanced distally to eject the therapeutic agent into the
chamber to coat the medical device. In another example,
as shown in FIG. 16, the pusher element 204 is config-
ured with a lumen 206, such that the user can inject a
therapeutic agent down the shaft of the pusher element
to infuse the proximal section of the delivery catheter with
a therapeutic agent. In one application, the lumen 206 of
the pusher element is pre-filled with a therapeutic agent.
When the user is ready to coat the medical device 30
housed within the distal end of the delivery catheter, the
therapeutic agent is ejected out of the distal end of the
pusher element 204.

[0076] FIG. 17 shows another example where a first
catheter 208 is slidably disposed within the lumen of a
second catheter 210. The lumen of the first catheter 208
to can be utilized to infuse a therapeutic agent to coat a
medical device 30 positioned within the lumen of the sec-
ond catheter 210. To deploy the medical device 30, the
first catheter is advanced distally to eject the medical
device 30. In one variation, the inner catheter 212 further
includes a cap 214 positioned at the distal end of the
catheter 212, as shown in FIG. 18. An elongated wire
216 is slidably positioned within the lumen of the inner
catheter 212. A stopper 218 is connected to the distal
end of the elongated wire 216. The displacement of the
elongated wire 216 in the proximal direction moves the
stopper 218 proximally and creates a chamber 220 within
the lumen of the inner catheter 212. In one application,
the stopper can be displaced to generate a suction. The
suction draws a therapeutic agent into the distal end of
the outer catheter to coat the medical device 30 posi-
tioned therein. In another application, the stopper can be
displaced to create a reservoir that is pre-loaded with a
therapeutic agent. When the user is ready to coat the
medical device with the therapeutic agent, the stopper is
then advance distally to release the therapeutic agent
into the lumen of the outer catheter. Optionally, a valve
is provided over the orifice of the cap positioned at the
distal end of the inner catheter.

[0077] In another aspect, the delivery apparatus in-
cludes a delivery catheter 224 and a pusher element 226
slidably disposed within the lumen of the delivery cathe-
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ter, as shown in FIG. 19A. The pusher element 226 in-
cludes an elongated wire 228 coupled to a pusher pad
230. The pusher pad 230 includes flanges 232 that ex-
tend radially into the corresponding grooves 234 on the
inner lumen wall of the delivery catheter 224, as shown
in FIG. 19B. The flanges 232 ensure that the pusher pad
engages the medical device, which is housed within the
distal end of the delivery apparatus 2, when the pusher
pad 230 is advanced distally to eject the medical device.
This configuration may be particularly useful forengaging
a medical device that has a large center opening (e.g.,
stent, etc.). In one variation, the pusher pad 230 is further
configured with channels to allow fluids to flow through
the pusher pad, such that fluids infused through the prox-
imal end of the catheter can reach the distal end of the
catheter. In another variation, the pusher pad 230 in-
cludes a reservoir that contains a therapeutic agent. In
yet another variation, the pusher element 226 includes
a flexible rod connected to the pusher pad. The flexible
rod includes a lumen, such that a fluid injected into the
proximal end of the flexible rod flows out at the distal end
of the pusher pad.

[0078] FIG. 20 llustrates another variation of a delivery
apparatus according to the present invention, comprising
an elongated insert 240 slidably disposed within the lu-
men of a catheter 242. A distal end 241 of the elongated
insert 240 is inserted through a medical device 30 (e.g.,
stent), which is positioned in the distal lumen of the cath-
eter 242. The elongated insert 240 includes a lumen 244
such that fluids can be transported down the shaft of the
elongated insert 240. An orifice 246 is positioned at the
distal portion of the elongated insert 240 such that fluids
injected into the lumen 244 of the elongated insert 240
can exit the elongated insert through the orifice 246. In
one variation, the elongated insert is provided with a plu-
rality of orifices 246, which are distributed on the circum-
ferential surface at the distal section of the elongated
insert 240. The plurality of orifices 246 may be configured
such that fluids ejected out of theses orifices can distrib-
uted over the length of the stent, which is positioned
around the distal section of the insert. In one variation,
the orifices 246 are distributed over the distal section of
the elongated insert in a spiral pattern. An optional flange
or disk 248 may be attached to the shaft of the elongated
insert 240, such that the advancement of the elongated
insert 240 in the distal direction causes the flange 248 to
engage the medical device 30 and force the medical de-
vice out of the distal end 250 of the delivery catheter 242.
In one variation, the flange 248 is configured with through
holes 252 (FIG. 20), such that fluid injected into the prox-
imal end of the delivery catheter lumen can travel past
the flange and enter the distal section of the catheter
lumen. In another variation, the elongated insert is con-
figured such that it can be rotated axially in relation to
the catheter 242. The axial rotation of the elongated insert
can be used to facilitate the distribution of the therapeutic
agent over the medical device.

[0079] Inthe above application, a therapeutic agent is
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injected into the proximal end of the elongated insert 240.
The therapeutic agent travels down the lumen 244 in the
shaft of the elongated insert 240 toward the distal end
241 of the elongated insert. The therapeutic agent exits
the orifices 246 on the distal section of the elongated
insert 240 and coats the stent 30 positioned around the
distal section of the elongated insert 240. Once the stent
30 is coated with the therapeutic agent, the elongated
insert 240 can be advanced distally to deploy the stent
30. In another variation, the elongated insert is configured
for coating the stent with a therapeutic agent only. Once
the stent is coated with the therapeutic agent, the elon-
gatedinsertisremoved, and a pusher elementis inserted
into delivery catheter to deploy the stent.

[0080] FIG. 21A illustrates another variation of a deliv-
ery apparatus 2 comprising a dual lumen catheter 260.
A medical device 30 (e.g., stent, etc.) is slidably posi-
tioned in inner lumen 262 of the catheter 260 at the distal
section of the catheter. The wall between the inner 262
and the outer 264 lumen includes a plurality of orifices
266 at the distal section thereof to enable fluid commu-
nication between the inner lumen 262 and the outer 264
lumen, as shown in FIG. 21B. A therapeutic agent can
be injected into the outer lumen at the proximal end of
the catheter. The therapeutic agent flows distally through
the outer lumen 264 and through the orifices 266 to enter
into the inner lumen 262 and into contact with the medical
device 30. If the medical device 30 includes, an absorp-
tion member, a porous member, or a sponge-like mate-
rial, the therapeutic agent can be absorbed into the body
of the medical device. Once the medical device is coated
and/or loaded with the therapeutic agent, it can then be
deployed within the patient’s body.

[0081] Itshould be notedthatthe various embodiments
described herein can be utilized with a reservoir located
in the catheter or a reservoir external to the catheter.
[0082] FIG. 22 shows another variation where the de-
livery apparatus 2 further includes a pusher element 268
for deploying the medical device 30 from the inner lumen
270 ofthe catheter 272. In this particular example, a med-
ical device (e.g., a vascular filter 294) is loaded in the
inner lumen 270 of the dual lumen catheter. In this em-
bodiment, the distal end of the catheter can be configured
with one or more slots 276 to separate the appendages
278, if any, on the medical device 30, such as a vessel
filter having a plurality of legs, and prevent the append-
ages from entangling with each other.

[0083] FIG. 23 illustrates another variation where the
delivery apparatus 2 includes a balloon catheter 280 car-
rying a stent 282 slidably disposed within a dual lumen
catheter 284. A first port 286, located on the proximal
section of the catheter, is configured for accessing the
inner lumen 288, while a second port 290, also located
on the proximal section of the catheter, is configured for
accessing the outer lumen 292 of the catheter. A thera-
peutic agent can be injected into either the outer lumen
292 or the inner lumen 288 to coat and/or load the stent
282 positioned over the balloon on the balloon catheter
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280. In one approach, the therapeutic agent is injected
through one lumen while being extracted through a sec-
tioninthe second lumen. As aresult, a flow of therapeutic
agent is generated over the stent for coating the surface
of the stent with the therapeutic agent. Optionally, a cap
294 may be provided to cover the distal end of the cath-
eter 284 when the stent 282 is being coated within the
inner lumen of the catheter 284. In one variation, the cap
includes a polymeric layer, which provides a seal around
the tip of the catheter, and which is configured for place-
ment over the tip of the catheter. In one example, two
O-rings 296, 298 are placed within the inner lumen of the
cap 294 to provide the seal. Additionally, the cap 294
may also be utilized with other embodiments described
herein.

[0084] FIG. 24 illustrates yet another variation of a de-
livery apparatus 2 comprising a pusher element 300 sli-
dably disposed in the inner lumen of a dual lumen cath-
eter 302. In this variation, the pusher element 300 in-
cludes a lumen 304 to provide fluid communication
through the length of the pusher element.

[0085] In another aspect of the invention, a medical
device is coated or infused with atherapeutic agentunder
pressure while positioned in a delivery apparatus. The
delivery apparatus may be provided to the end user (e.g.,
surgeon performing the implant procedure, etc.) with the
medical device pre-loaded in the delivery apparatus. In
another variation, the end user has to load the medical
device in the delivery apparatus prior to implantation.
With the medical device loaded in the delivery apparatus,
a therapeutic agent, which is pressured in a container,
is infused or injected into the chamber of the delivery
apparatus housing the medical device. The therapeutic
agent can be injected into the delivery apparatus in var-
ious forms including, but not limited to, mist, spray, foam,
liquid stream, or gel stream. Various delivery mecha-
nisms (e.g., spray pump, aerosol can, pressure pump,
etc.) can be utilized to infuse the therapeutic agent into
the delivery apparatus to coat and/or load the medical
device therein.

[0086] Referringto FIG. 25, an adaptor 310is provided
with interfaces to couple a therapeutic agent injection
mechanism 312 (e.g., a pressure generating source con-
figured to eject the therapeutic agent) to the distal end
of a delivery apparatus. In one variation, the delivery ap-
paratus 2 includes a catheter 314 with a deployment
mechanism 316 positioned within the lumen of the cath-
eter. A medical device 30 is positioned in a chamber with-
in the distal section of the catheter lumen. The adaptor
310 is connected to the nozzle 318 of an aerosol can
320, which carries a therapeutic agent. The distal end of
the adaptor 310 has an interface that receives the nozzle
of the aerosol can, and the proximal end of the adaptor
has an interface 322 that receives the distal end 324 of
the catheter 314 and forms a seal around the catheter
tip. The user inserts the distal end 324 of the catheter
314 into the adaptor 310. The lever on the aerosol can
is then depressed to infuse the therapeutic agent into the
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lumen of the catheter to coat and/or load the implantable
medical device with the therapeutic agent.

[0087] In another aspect of the invention, a reservoir
containing a therapeutic agent is configured for attach-
ment onto the distal end of the delivery apparatus (e.g.,
delivery catheter, etc.). Once the reservoir is connected
to the distal end of the catheter, the user can release the
therapeutic agentinto the lumen of the delivery apparatus
to coat and/or load the medical device located in the de-
livery apparatus. Referring to FIG. 26, a reservoir 4, in-
cluding a cap 330 containing a capsule 332 filled with a
therapeutic agent is inserted over the distal end of the
delivery apparatus 2. The user applies a pressure over
the cap 330 to break the capsule 332 and release the
therapeutic agent. The released therapeutic agent flows
into the lumen 334 of the catheter 336 and coats the
medical device 30 positioned therein. In one variation,
the compartment within the capsule is pressurized.
[0088] In another variation, the delivery apparatus is
provided to the user with a reservoir of a therapeutic
agent connected to the distal end of the catheter. A med-
ical device is pre-loaded in the delivery apparatus. When
the user is ready to insert the medical device into the
patient, the user releases the therapeutic agent from the
reservoir to coat and/or load the medical device. In one
variation, the reservoiris pressurized to facilitate the ejec-
tion of the therapeutic agent from the reservoir. Once the
coating/loading process is completed, the user then dis-
connects the reservoir from the distal end of the delivery
apparatus. With the reservoir removed, the user can in-
sert the delivery apparatus into the patient and deploy
the medical device.

[0089] A container can be attached to the distal end of
a delivery apparatus. A valve can be provided on the
container to control the outflow of a therapeutic agent
retained within the reservoir. To coat the medical device,
the user releases the valve and allows the therapeutic
agent to flow into the lumen of the delivery apparatus.
Once the medical device is coated with the therapeutic
agent, the container is detached from the distal end of
the delivery apparatus. In another example, a delivery
apparatus includes a capsule 342 containing a therapeu-
tic agent connected to the distal end 344 of a delivery
catheter 346, as shown in FIG. 27. A balloon catheter
348 carrying a compressed stent 350 is slidably disposed
within the lumen of the delivery catheter 346. The com-
partment within the capsule 342 is pressurized, such that
once the valve or barrier 352 sealing the capsules open-
ing is compromised, the therapeutic agent will be forced
out of the capsule 342 due to the pressure. To coat the
stent 350 on the balloon catheter 348, the user presses
down on the neck 354 of the capsule to break the barrier
352 sealing the proximal opening of the capsule. Once
the barrier 352 has been cracked, the therapeutic agent
flows out of the capsule 342 and into the lumen 356 of
the delivery catheter 346. Once the stent 350 is coated
with the therapeutic agent, the user bends the capsule
342 relative to the delivery catheter 346, and breaks the
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capsule 342 off the delivery catheter 346. With the cap-
suleremoved, the distal end of the delivery catheter along
with the stent and the balloon catheter can be inserted
into an introducer sheath 346 and into a patient’s body.
Once the balloon catheter is positioned in the desired
location within the patient, the delivery catheter is retract-
ed to expose the stent. The balloon on the balloon cath-
eter is then inflated to deploy the stent.

[0090] In another variation, the delivery apparatus in-
cludes a delivery catheter including a plurality of orifices
positioned on the circumferential surface at a distal sec-
tion of the delivery catheter. The user can infuse or in-
troduce a therapeutic agent through these orifices to coat
and/or load a medical device located in the lumen of the
delivery catheter. For example, the delivery catheter
along with a medical device, which is secured within the
lumen of the catheter, may be dipped into a liquid ther-
apeutic agent or placed into a pressurized chamber filled
with a therapeutic agent. The therapeutic agent is dif-
fused through the orifices in the delivery catheter to coat
and/or load the medical device.

[0091] FIG. 28 illustrates one example, where a deliv-
ery catheter 360 including a plurality of circumferential
orifices 362 isinserted into the proximal end of an adaptor
364. A balloon catheter 366 carrying a medical device is
disposed within the lumen of the delivery catheter 360.
The medical device (e.g., stent 368) is aligned within the
distal portion of the catheter, such that the orifices sur-
round the medical device. A syringe 370 filled with a ther-
apeutic agent is attached to the distal end of the adaptor
364. The userinjects the therapeutic agent into the cham-
ber 372 within the adaptor. As the chamber 372 is filled
with the therapeutic agent, the therapeutic agentis forced
into the lumen of the catheter 360 through the distal open-
ing 374 and the surrounding orifices 362. Once the stent
368 is coated with the therapeutic agent, the user can
remove the syringe along with the adaptor.

[0092] FIG. 29illustrates another variation of an adap-
tor 364 design. In this design, the adaptor includes an
outer lumen and a central lumen. The outer lumen 376
of the adaptor 364 directs therapeutic agents into the
lumen 378 of the catheter 360 through the circumferential
orifices 362 on the distal section of the catheter. Excess
therapeutic agent is allowed to flow out of the distal open-
ing of the catheter and into the central lumen 380 of the
adaptor 364. An opening 382 on the adaptor is provided
to allow the excess materials to exit the adaptor 364.
[0093] In another aspect, a sponge-like or porous ma-
terial is positioned close to the distal opening of a delivery
apparatus. The sponge-like material can serve as a res-
ervoirto retain atherapeutic agent. The therapeutic agent
is pre-loaded orinfused into the sponge-like material prior
to the deployment of the medical device. As the medical
device is propelled out of the distal opening of the delivery
apparatus, the medical device glides over the sponge-
like material, and the therapeutic agent is provided onto
the surface of the medical device. The delivery of the
therapeutic agent can be by wicking, or by squeezing of
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the porous material to force the agent on to the medical
device.

[0094] Inone example, as shown in FIG. 30, the deliv-
ery apparatus 2includes adelivery catheter 390 including
a polymeric layer 392 with high absorbency attached to
the inner wall of the catheter 390 at the distal portion of
the catheter lumen. A balloon catheter 394 carrying a
stent 396 is slidably disposed within the lumen 398 of the
delivery catheter 390. The user first infuses the polymeric
layer 392 with a therapeutic agent. The delivery catheter
390 along with the stent 396 and the balloon catheter
394 are then inserted into an introducer sheath posi-
tioned within the patient’'s body. Once the balloon cath-
eter 394 is positioned in the desired location, the user
can either advance the balloon catheter 394 relative to
the delivery catheter 390, or retract the delivery catheter
390 relative to the balloon catheter 394, to deploy the
stent. As the stent 396 passes over the polymeric layer
392, the therapeutic agent is delivered onto the surface
of the stent 396.

[0095] In another example, the delivery apparatus in-
cludes a delivery catheter 390 with a sponge-like layer
400 positioned around the distal lumen section. A stent
396 is slidably positioned with the lumen of the catheter
390, as shown in FIG. 31. A pusher element 402 is po-
sition with the lumen 398 proximal of the stent 396. The
user first infuses the sponge-like layer 400 with a thera-
peutic agent. Once the sponge-like layer 400 is infused
with the therapeutic agent, the user may advance the
stent 396 distally and position the stent within the sponge-
like layer 400. Next, the delivery catheter 390 is inserted
into the patient’'s body, and the stent 396 is deployed
through the distal opening 404 of the delivery catheter
390. In another variation, the sponge-like layer in the de-
livery apparatus is pre-loaded with a therapeutic agent
before the delivery apparatus is provided to the user.
[0096] In another aspect, the medical device config-
ured for deployment with the deployment apparatus can
include a coating to facilitate the retention of the thera-
peutic agent on the medical device. For example, a coat-
ing with affinity for binding a therapeutic agent may be
implemented on a medical device. In one variation, a
biocompatible polymer with affinity to one or more ther-
apeutic agents can be coated on the surface of the med-
ical device. In another example, a gelatin, a hydrogel, or
other hydrophilic or hydrophobic polymers may be inte-
grated in the medical device to absorb and/or retain the
therapeutic agent. The polymeric layer can be configured
to allow slow release of the therapeutic agent over time
after the device has been deployed within the patient’s
body. Polymers which may be suitable for incorporating
on amedical device as drug carrierinclude, butnotlimited
to, Poly(urethanes), Poly(siloxanes), Poly(methyl meth-
acrylate), Poly(vinyl alcohol), Poly(ethylene), Poly(vinyl
pyrrolidone), Poly(2-hydroxy ethyl methacrylate), Poly
(N-vinyl pyrrolidone), Poly(methyl methacrylate), Poly(vi-
nyl alcohol), Poly(acrylic acid), Polyacrylamide, Poly(eth-
ylene-co-vinyl acetate), Poly(ethylene glycol), Poly
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(methacrylic acid), Polylactides (PLA), Polyglycolides
(PGA), Poly(lactide-co-glycolides) (PLGA), Polyanhy-
drides, Polyorthoesters. Other absorptive materials or
scaffold with reservoir for retaining liquid that are well
known to one skilled in the art may also be utilized on
the medical device for retaining therapeutic agent.
[0097] Inyetanotheraspect, methods forloading (e.g.,
infusing, absorbing, coating, etc.) a medical device with
atherapeuticagent while the medical device is positioned
in the lumen of the catheter is disclosed herein. In one
example, the method includes providing a medical de-
vice, a therapeutic agent, and a delivery apparatus to a
medical practitioner. The medical device, the therapeutic
agent, and the delivery apparatus can be provided to the
medical practitioner in an integrated packaging or as sep-
arate items. In one variation, the delivery apparatus and
the medical device are provided in a single sterile pack-
age, and the therapeutic agent is provided in a separate
container. The medical device can be pre-loaded in the
delivery apparatus before packaging. Alternatively, the
medical device can be provided as separated items in
the packaging. The medical device and delivery appara-
tus integrated package can also be provided to the med-
ical practitioner as a single use deposable system. The
integrated packaging may minimize confusion in match-
ing the appropriate delivery apparatus with the medical
device. Once the medical device is implanted, the med-
ical practitioner may dispose of the delivery apparatus.
By packaging the therapeutic agent separately, the med-
ical practitioner can selected the appropriate medication
base on specific patient need and the requirements of
the specific implant procedure. In some application, the
therapeutic agent may need to be refrigerated or store
in an environmental control chamber. Storing the thera-
peutic agent separately from the medical device and the
delivery apparatus may maximize storage efficiency.
[0098] In another variation, the therapeutic agent is
packaged with the delivery apparatus, and the medical
device is provided as a separate unit. This approach may
allow the manufacturer to match up a therapeutic agent
with the appropriate delivery apparatus. The medical
practitioner can then select the appropriate medical de-
vice for deployment with the delivery apparatus. For ex-
ample, the medical practitioner may select the medical
device from a group of devices based on type, functional
capability, size, material property, etc. In yet another var-
iation, the therapeutic agentis provided in the same pack-
aging as the medical device, and the delivery apparatus
is provided separately. In some application, a particular
therapeutic agent may be especially suitable for use with
a specific medical device. Thus, it would be convenient
for the manufacture to package the therapeutic agent
with medical device. Furthermore, it may also be useful
to package an interface (e.g., a universal syringe adaptor,
aerosol can adaptor, etc.) and/or a therapeutic agent
loading mechanism (e.g., asyringe, etc.) with the delivery
apparatus. In certain application, the manufacture can
also provide a medical device loading instrument along
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with the delivery device to assist the medical practitioner
to insert the medical device into the delivery apparatus.
[0099] Asdiscussed above, the medical device can be
provided to the medical practitioner preloaded in the de-
livery apparatus or it can be provided to the medical prac-
titioner as a two separate items, requiring the medical
practitioner or his assistant to load the medical device
into the delivery apparatus prior to deployment. The ther-
apeutic agent may be provided to the medical practitioner
as an integrated package having the therapeutic agent
along with the delivery apparatus and/or the medical de-
vice. The therapeutic agent, the medical device, and the
delivery apparatus, may also be provided to the medical
practitioner as individual units.

[0100] With the device loaded in the delivery appara-
tus, the therapeutic agent is infused into the delivery ap-
paratus to load the medical device with the therapeutic
agent. For example, a syringe may be utilized to inject
the therapeutic agent into the delivery apparatus either
from the proximal end or the distal end of the delivery
apparatus, depending on the design of the specific de-
livery apparatus. A syringe adaptor may be provided for
coupling the syringe with the delivery apparatus. In one
variation, the therapeutic agent is preloaded into a sy-
ringe. The user can remove a cap on the syringe and
insert the tip of the syringe into the distal opening of the
delivery apparatus. The therapeutic agentis theninjected
into the lumen of the delivery apparatus to load the med-
ical device with the therapeutic agent. In another varia-
tion, the therapeutic agent is provided within a container.
A syringe with the needle can be used to extract the ther-
apeutic agent out of its container and into the syringe.
The needle on the syringe can then be inserted into the
distal end of the delivery apparatus to inject the thera-
peutic agent. Alternatively, the needle can be removed,
and the tip of the syringe inserted into the distal end of
the delivery apparatus to infuse the therapeutic agent. In
another variation, an adapter is provided to couple the
syringe to the distal tip of the delivery apparatus to assist
with the injection of the therapeutic agentinto the delivery
apparatus. As one skilled in the art having the benefit of
this disclosure would appreciate, the syringe could also
be utilized to inject therapeutic agent into the proximal
end of the delivery apparatus.

[0101] Inanother example, an aerosol can carrying the
therapeutic agent is couple to the delivery apparatus (ei-
ther directly or through an adaptor) to infuse the inner
chamber of the delivery apparatus, which holds the med-
ical device. Inone variation, the therapeutic agent is load-
ed onto the medical device, which is positioned in the
delivery apparatus, before the delivery apparatus is in-
serted into the patient’s body. In another variation, the
therapeutic agent is loaded onto the medical device after
the delivery apparatus, along with the medical device,
has already been inserted into the patient’s body.
[0102] In yet another example, the therapeutic agent
is provided to the medical practitioner in a pump dispens-
er (e.g., spray pump, microsprayer, lotion pump, trigger
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sprayer pump, pressure sprayer, mist sprayer, etc.). With
the medical device positioned in the deployment appa-
ratus, the medical practitioner dispenses the therapeutic
agent out of the pump dispenser and into the delivery
apparatus to load the medical device with the therapeutic
agent. An adaptor can be used to facilitate the transfer
of the therapeutic agent from the pump dispenser into
the delivery apparatus. In addition, the method for loading
the medical device positioned in the delivery apparatus
can also include the step of pressurizing the pump dis-
penser or other container containing the therapeutic
agent, prior to injecting or spraying the therapeutic agent
into the delivery apparatus to load the medical device
with the therapeutic agent. The pressurizing step may
include activating a pump to increase the pressure inside
of a canister containing the therapeutic agent. In another
variation, the pressurizing step comprises shaking a can-
ister (e.g., an aerosol canister, etc.) containing the ther-
apeutic agent to increase the pressure in the canister.
[0103] One skilled in the art having the benefit of this
disclosure would appreciate that some variations of the
delivery apparatus disclosed herein may be applicable
for simultaneous delivery of a therapeutic agent and a
medical device into a pre-selected site within a patient’s
body. The medical device chamber of the delivery appa-
ratus may be pre-loaded with a therapeutic agent, such
that the therapeutic agent and the medical device can be
introduced into the pre-selected site within the patient’s
body simultaneously. It should also be appreciated that
during the deployment of the medical device, a therapeu-
tic agent may also be injected through a drug lumen in
the delivery apparatus to infuse the deployment site with
a therapeutic agent.

[0104] As discussed above, the medical device dis-
closed herein may be configured to serve as a carrier to
deliver a therapeutic agent onto a target site within a pa-
tient’s body. For example, a method utilizing a medical
device as a gene therapy delivery platform is described
below. The delivery apparatus is configured to deliver
the medical device, which carries stem cells or a gene
therapy agent, to a pre-selected location within the pa-
tient’s body. In one variation, the medical device includes
a stent covered with a polymeric layer configured to ab-
sorb proteins, nucleic acid chains and/or other large mol-
ecules is loaded in the delivery apparatus. In one varia-
tion, while the stent is loaded in the delivery apparatus,
Vascular Endothelial Growth Factor-2 (VEGF-2) in the
form of naked DNA plasmid, a nonviral vector, is loaded
into the polymeric layer on the stent. With the VEGF-2
loaded on the stent, the delivery apparatus is inserted
into the patient’s body to deploy the stent at the pre-se-
lected site. In another approach, the gene therapy agent
is loaded in areservoir in the distal portion of the delivery
apparatus. Immediately prior to or during the deployment
of the stent, the gene therapy agent is then released into
the lumen of the delivery apparatus.

[0105] One skilled in the art having the benefit of this
disclosure would also appreciate that the delivery appa-
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ratus disclosed herein is not limited for loading and/or
coating a medical device with a therapeutic agent for de-
ployment inside a patient’s body. Various other chemi-
cals, biochemical, and biologics may also be coated
and/or loaded onto a medical device for delivery into a
patient’s body.

[0106] Whilethe invention has been describedinterms
of particular variations and illustrative figures, those
skilled in the art will recognize that the invention is not
limited to the variations or figures described. In addition,
where methods and steps described above indicate cer-
tain events occurring in certain order, those skilled in the
art will recognize that the ordering of certain steps may
be modified and that such modifications are in accord-
ance with the variations of the invention. Additionally, cer-
tain of the steps may be performed concurrently in a par-
allel process when possible, as well as performed se-
quentially as described above. Therefore, to the extent
there are variations of the invention, which are within the
spirit of the disclosure or equivalent to the inventions
found in the claims, it is the intent that this patent will
cover those variations as well. Finally, all publications
and patent applications cited in this specification are
herein incorporated by reference in their entirety as if
each individual publication or patent application were
specifically and individually put forth herein.

[0107] The following numbered paragraphs are part of
the disclosure.

1. A medical device delivery apparatus, comprising:

an elongated body configured for insertion into
the body of a patient, comprising

a chamber located at a distal portion of the elon-
gated body, said chamber being configured to
receive a medical device; and

a reservoir configured for releasing a therapeu-
tic agent into said chamber.

2. The medical device delivery apparatus according
to 1, wherein said reservoir being disposed sepa-
rately from the chamber and in fluid communication
with the chamber.

3. The medical device delivery apparatus according
to 1, wherein said reservoir is positioned in said elon-
gated body.

4. The medical device delivery apparatus according
to 3, further comprising a medical device positioned
in the chamber.

5. The medical device delivery apparatus according
to 4, further comprising a therapeutic agent con-
tained in the reservoir.

6. The medical device delivery apparatus according
to 5, further comprising a first mechanism configured
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for deploying said medical device.

7. The medical device delivery apparatus according
to 6, further comprising a second mechanism con-
figured for releasing said therapeutic agent from the
reservoir.

8. The medical device delivery apparatus according
to 6, wherein said first mechanism is further config-
ured for releasing said therapeutic agent from the
reservoir.

9. The medical device delivery apparatus according
to 3, wherein said reservoir comprises a capsule.

10. The medical device delivery apparatus according
to 5, wherein said medical device comprises a stent
or stent graft.

11. The medical device delivery apparatus according
to 5, wherein said medical device comprises a vas-
cular graft.

12. The medical device delivery apparatus according
to 5, wherein said medical device comprises a vas-
cular filter.

13. The medical device delivery apparatus according
to 6, wherein said first mechanism comprises a bal-
loon catheter.

14. The medical device delivery apparatus according
to 13, wherein said medical device comprises a stent
disposed over said balloon catheter.

15. The medical device delivery apparatus according
to 6, wherein said first mechanism comprises a push-
er element.

16. The medical device delivery apparatus according
to 3, wherein said elongated body further comprises
a lumen configured for infusing said reservoir with a
therapeutic agent.

17. The medical device delivery apparatus according
to 6, wherein said first mechanism further comprises
a lumen configured for infusing said reservoir with
the therapeutic agent.

18. The medical device delivery apparatus according
to 6, wherein said first mechanism is slidably dis-
posed in said elongated body.

19. The medical device delivery apparatus according
to 18, wherein said reservoir is positioned in said first

mechanism.

20. The medical device delivery apparatus according
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to 5, wherein said medical device is positioned prox-
imal of the reservoir.

21. The medical device delivery apparatus according
to 20, being further configured such that during de-
ployment of said medical device, said medical device
passes through the reservoir.

22. The medical device delivery apparatus according
to 1, further comprising a therapeutic agent con-
tained in said reservoir, wherein said therapeutic
agent is pressurized.

23. The medical device delivery apparatus according
to 9, further comprising said therapeutic agent, which
is contained in a compartment in said capsule.

24. The medical device delivery apparatus according
to 23, wherein the compartment in said capsule is
pressurized.

25. The medical device delivery apparatus according
to 24, wherein the compartment in said capsule has
a higher pressure than atmospheric pressure.

26. The medical device delivery apparatus according
to 1, wherein said reservoir is attached to a distal
end of the elongated body.

27. The medical device delivery apparatus according
to 26, wherein said reservoir comprises a capsule.

28. The medical device delivery apparatus according
to 26, wherein said reservoiris configured as a break-
away unit.

29. The medical device delivery apparatus according
to 26, further comprising a therapeutic agent con-
tained in said reservoir.

30. The medical device delivery apparatus according
to 1, wherein said reservoir comprises a sponge-like
material.

31. The medical device delivery apparatus according
to 30, wherein said sponge-like material is adapted
to absorb a therapeutic agent.

32. The medical device delivery apparatus according
to 31, wherein said sponge-like material comprises
a polymer.

33. The medical device delivery apparatus according
to 30, wherein said sponge-like material is positioned

in the chamber.

34. A delivery apparatus comprising:
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an elongated catheter comprising a lumen;

a medical device positioned in a distal portion
of said lumen;

a deployment mechanism slidably disposed in
said lumen; and

aseparatorconfigured to separate the distal por-
tion of said lumen form a proximal portion of said
lumen.

35. The delivery apparatus according to 34, further
comprising a therapeutic agent positioned in the dis-
tal portion of said lumen.

36. The delivery apparatus according to 34, wherein
said separator is coupled to said deployment mech-
anism.

37. The delivery apparatus according to 34, wherein
the said separator is coupled to an inner wall of said
lumen.

38. The delivery apparatus according to 34, wherein
said separator comprises a valve.

39. The delivery apparatus according to 34, wherein
said separator comprises a unidirectional valve.

40. The delivery apparatus according to 34, wherein
said separator comprises a stopper.

41. The delivery apparatus according to 34, wherein
said deployment mechanism further comprises a lu-
men for infusing a therapeutic agent into the distal
portion of said lumen.

42. The delivery apparatus according to 41, wherein
said deployment mechanism further comprises a
plurality of orifices for accessing said lumen in said
deployment mechanism, said orifices being located
on a distal portion of said deployment mechanism.

43. The delivery apparatus according to 34, wherein
said catheter further comprises a second lumen con-
figured for introducing a therapeutic agent from a
proximal end of the elongated catheter to the distal
portion of said lumen.

44. A delivery apparatus comprising:

a medical device;

a catheter comprising a first lumen and a second
lumen, the firstlumen being configured to house
the medical device for delivery into a patient’s
body, and the second lumen being configured
to deliver a therapeutic agent to coat and/or load
the medical device with said therapeutic agent,
and

adeployment mechanism configured for deploy-
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ing said medical device, said deployment mech-
anism being disposed in the first lumen.

45. The delivery apparatus according to 44, wherein
the second lumen is coaxially positioned around the
first lumen.

46. The delivery apparatus according to 45, wherein
a wall separating the first and the second lumens
comprises a plurality of orifices to provide fluid com-
munication between the first lumen and the second
lumen.

47. The delivery apparatus according to 46, wherein
said orifices are located at a distal portion of said
catheter such that at least a portion of the orifices
are aligned with said medical device.

48. The delivery apparatus according to 46, wherein
said orifices are configured to distribute the thera-
peutic agent onto the circumferential surface of the
medical device.

49. A drug loading system comprising:

a delivery apparatus configured to introduce a
medical device disposed therein, into a patient’s
body;

aninjection mechanism containing a therapeutic
agent; and

an adaptor configured to couple the injection
mechanism to the distal end of the delivery ap-
paratus, such that the therapeutic agent from
the injection mechanism is directed into the de-
livery apparatus to coat and/or load the medical
device.

50. The drug loading system according to 49, where-
in said delivery apparatus comprises a catheter, the
medical device being disposed in a lumen of said
catheter.

51. The drugloading system according to 50, where-
in said catheter comprises a plurality of orifices po-
sitioned in an outer wall at a distal portion thereof.

52. The drugloading system according to 51, where-
in the adaptor comprises a first lumen for directing
the therapeutic agent into the lumen of the catheter,
and a second lumen for directing an excess portion
of the therapeutic agent out of the lumen of the cath-
eter.

53. The drug loading system according to 49, where-
in the adaptor comprises a first lumen for directing
the therapeutic agent into the delivery apparatus,
and a second lumen for directing an excess portion
of the therapeutic agent out of the lumen of the de-
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livery apparatus.

54.The drug loading system according to 49, where-
in the adaptor further comprises an interface for re-
ceiving a distal portion of the delivery apparatus.

55. A method for drug delivery comprising:

placing the therapeutic agent onto the medical
device while the medical device is disposed in
a delivery apparatus, wherein the delivery ap-
paratus is configured for inserting the medical
device into a patient’s body; and

deploying the medical device therein.

56. The method according to 55, further comprising
the steps of inserting the delivery apparatus into the
patient’s body and deploying the medical device into
the patient’s body.

57. The method according to 55, wherein the placing
step further comprises releasing a therapeutic agent
from a reservoir.

58. The method according to 57, wherein the reser-
voir comprises a capsule.

59. The method accordingto 55, wherein the delivery
apparatus comprises a catheter and a deployment
mechanism slidably disposed therein.

60. The method according to 59, wherein the deploy-
ment mechanism comprises a balloon catheter.

61. The method according to 59, wherein the deploy-
ment mechanism comprises a pusher element.

62. The method according to 55, wherein the placing
step further comprises injecting the therapeutic
agent into a proximal end of the delivery apparatus
and allowing the therapeutic agent to travel down a
length of the delivery apparatus to coat the medical
device positioned in a distal portion of the delivery
apparatus prior to inserting the delivery apparatus
into the patient’s body.

63. The method according to 55, wherein the placing
step further comprises injecting the therapeutic
agentinto a distal end of the delivery apparatus prior
to inserting the delivery apparatus into the patient’s
body.

64. The method accordingto 63, wherein the delivery
apparatus comprises a catheter.

65. The method according to 64, wherein the delivery
apparatus further comprises a balloon catheter slid-
ably disposed in said catheter.
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66. The method according to 55, wherein the placing
step further comprisesinfusing the therapeutic agent
onto a circumferential surface of the medical device
through a plurality of orifices that are positioned
around the medical device.

67. A method for implanting a medical device, com-
prising:

disposing a portion of the medical device in a
delivery apparatus; and

releasing a therapeutic agent from a reservoir
to coat and/or load the medical device.

68. The method according to 67, further comprising
the steps of inserting the delivery apparatus into a
patient’s body, and deploying the medical device into
the patient’s body.

69. The method according to 67, wherein the reser-
voir is pressurized prior to the releasing step.

70. The method according to 67 wherein the reser-
voir is positioned in the delivery apparatus.

71. The method according to 67, further comprising
the step of disconnecting the reservoir from the distal
end of the delivery apparatus.

72. The method according to 71, further comprising
the steps of inserting the delivery apparatus into a
patient’s body, and deploying the medical device into
the patient’s body.

73. The method according to 67, wherein the delivery
apparatus comprises a catheter, and the therapeutic
agent is released into a lumen of the catheter.

74. The method according to 73, wherein the delivery
apparatus further comprises a mechanism for de-
ploying the medical device.

75. The method according to 74, wherein the medical
device comprises a stent or a vascular graft.

76. The method according to 75, wherein the mech-
anism for deploying the medical device comprises a
balloon catheter.

77. The method according to 75, wherein the mech-
anism for deploying the medical device comprises a
pusher element.

78. The method of according to 67 wherein said res-
ervoir is contained in said delivery apparatus.

79. The method according to 67, wherein said res-
ervoir is separate from said delivery apparatus,



35 EP 2 596 768 A1 36

wherein the method further comprises coupling said
reservoir to said delivery apparatus before releasing
said therapeutic agent from said reservoir to load the
medical device.

80. The method according to 79, further comprising
the steps of providing said medical delivery appara-
tus to a medical practitioner, and providing a con-
tainer comprising said reservoir to said medical prac-
titioner.

81. A method for supplying a therapeutic agent to a
medical practitioner comprising:

providing a delivery apparatus to said medical
practitioner, wherein said delivery apparatus is
configure to deploy a medical device in a pa-
tient’s body; and

providing a therapeutic agentcontainedin a con-
tainer to said medical practitioner, wherein said
therapeutic agent is configured to be loaded on-
to said medical device.

82. The method according to 81, further comprising
delivering at least portion of said therapeutic agent
into a lumen in said delivery apparatus to load the
therapeutic agent onto said medical device which is
being positioned in said lumen.

83. The method according to 82, further comprising:

inserting said delivery apparatus into said pa-
tient’s body; and

deploying said medical device in said patient’s
body.

84. The method according to 81, wherein said con-
tainer is configured for injecting said therapeutic
agent into said delivery apparatus.

85. The method according to 81, wherein said con-
tainer comprises an aerosol can.

86. The method according to 81, wherein said con-
tainer comprises a pressure spray pump.

87. The method according to 81, wherein said con-
tainer comprises a pump dispenser.

88. The method according to 81, wherein said con-
tainer being pressurized.

89. The method according to 81, wherein said con-
tainer comprises a pressurized capsule.

90. The method according to 81, wherein said con-
tainer comprises a syringe.
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91. The method according to 83, wherein said deliv-
ering act further comprises coupling a syringe loaded
with said therapeutic agent to said delivery appara-
tus, and injecting said therapeutic agent into said
delivery apparatus.

92. The method according to 91, wherein said deliv-
ering act further comprises utilizing an adaptor to
couple said syringe to a distal end of said delivery
apparatus.

93. The method according to 82, further comprising:

pressurizing said container prior to said deliver-
ing act.

94. The method according to 83, wherein said med-
ical device comprises a coating configured to receive
said therapeutic agent.

95. The method according to 94, wherein said med-
ical device comprises a stent.

96. The method according to 81, further comprising:

extracting said therapeutic agent from said con-
tainer into a syringe;

coupling a distal end of said syringe with a distal
end of said delivery apparatus;

injecting said therapeutic agent into said deliv-
ery apparatus; and

inserting said deliver apparatus into a patient’s
body to deploy said medical device which is po-
sitioned in said delivery apparatus.

97. The method according to 81, further comprising:

pressurizing said container;

coupling said container to a distal end of said
delivery apparatus; and

infusing said therapeutic agentinto said delivery
apparatus to load said therapeutic agent onto
said medical device which is slidably positioned
inside a lumen of said delivery apparatus.

98. The method according to 81, wherein said deliv-
ery apparatus comprises an elongated flexible tubu-
lar member.

99. The method according to 98, wherein said med-
ical device comprises a compressible tubular mem-
ber.

100. The method according to 97, wherein said con-
tainer comprises an aerosol can, said coupling act
comprises utilizing an adaptor to couple said aerosol
can to said delivery device.



37

101. The method according to 97, wherein said con-
tainer comprises a syringe, and said coupling act
comprises utilizing an adaptor to couple said syringe
to said delivery apparatus.

102. The method according to 81, wherein said pro-
viding a delivery apparatus act further comprises
providing said medical device preloaded in said de-
livery apparatus to said medical practitioner inside a
single sterile package.

103. The delivery apparatus according to one of 1,
5,7,22,23,29, 35,41, or43, wherein the therapeutic
agent comprises a material selected from a group
consisting of a stem cell, a gene therapy agent, a
protein, a nucleic acid chain, a growth factor, and
combinations thereof.

Claims

Amedical device delivery apparatus (2) for delivering
an implantable medical device, the delivery appara-
tus comprising:

an elongated body (6) configured for insertion
into the body of a patient, comprising:

a chamber located at a distal portion of the
elongated body, said chamber being con-
figured to receive the medical device; and
characterized in that the delivery appara-
tus further comprises:

a reservoir(8) for holding a therapeutic agent;
and

means for releasing the therapeutic agent from
said reservoir into said chamber.

The medical device delivery apparatus according to
claim 1, wherein said reservoir is disposed separate-
ly from the chamber and is in fluid communication
with the chamber.

The medical device delivery apparatus according to
claim 1 or 2, wherein said reservoir is positioned in
said elongated body.

The medical device delivery apparatus according to
claim 3, wherein said reservoir comprises a capsule.

The medical device delivery apparatus according to
any one of the preceding claims, in combination with
the medical device (30) positioned in the chamber.

The medical device delivery apparatus according to
claim 5, wherein said medical device is one of a
group consisting of: a stent; a stent graft; a vascular
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38
graft; a vascular filter.

The medical device delivery apparatus according to
any one of the preceding claims, which is a catheter.

The medical device delivery apparatus according to
any preceding claim further comprising a first mech-
anism configured for deploying said medical device
out of the chamber and into the body of the patient,
the first mechanism comprising a balloon catheter
and a push element, the first mechanism being pref-
erably sideably disposed in said elongated body.

The medical device delivery apparatus according to
claim 8, wherein the first mechanism is further con-
figured for releasing said therapeutic agent from the
reservoir.

The medical device delivery apparatus according to
claim 8, further comprising a second mechanism
configured for releasing said therapeutic agent from
the reservoir.

The medical device delivery apparatus according to
claim 8 or claim 9, wherein the first mechanism com-
prises a lumen configured for infusing said reservoir
with the therapeutic agent, and wherein said reser-
voir is positioned in said first mechanism.

The medical device delivery apparatus according to
any preceding claim, wherein said medical device is
positioned proximal of the reservoir, the delivery ap-
paratus being configured such that during deploy-
ment of said medical device, said medical device
passes through the reservoir.

The medical device delivery apparatus according to
any preceding claim, wherein the reservoir contains
a pressurized therapeutic agent.

The medical device delivery apparatus according to
claim 3 or4, orany one ofclaims 5to 13 as dependent
on claim 3, wherein said elongated body further com-
prises a lumen configured for infusing said reservoir
with the therapeutic agent.

The medical device delivery apparatus according to
any one of the preceding claims, wherein said res-
ervoir comprises a sponge-like material (400) adapt-
ed to absorb a therapeutic agent, the sponge-like
material preferably being positioned in the chamber.
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